Introduction
The use of a questionnaire to assess donor eligibility is mandatory in the European Union [1] . Recently, mathematic modelling confirmed that exclusive reliance on screening blood donations with NAT could result in an estimated fourfold increase in the annual number of HIV-positive units collected during the window period in the US [2] . The benefit of questionnaires is even more pronounced with respect to the prevention of transfusion-transmissible infections with emerging or re-emerging pathogens for which testing is not available [3] .
Blood donations and blood products in Germany are very safe. Only few confirmed HIV-, HCV-or HBV-positive donations are detected [5, 6, 7, 8] , and only very few confirmed transmissions of pathogens are reported each year [9] . Still, data from post-donation interviews revealed that a majority of HIV-, HCV-or HBV-positive donors would not have been allowed to donate if they had indicated their risks or exposure in the pre-donation process. This pointed to room for improvement with respect to DQs.
The development of a national DQ started with a review of the existing national and international questionnaires, and it became obvious that the blood establishments had taken different paths: Some developed a short and concise DQ, whereas others included all donor selection items of the Hemotherapy Guidelines, mainly in multiple-item questions. Often only one answer was to be provided for as many as 10 or 15 health issues.
Designing a Good Questionnaire
DQs are always in an area of conflict between completeness with respect to donor selection criteria, liability exclusion, comprehensibility, donor satisfaction, adequate donor deferrals, feasibility, practicability and satisfaction of the personnel.
Realizing this, the next step in the development of a national DQ included the review of the 'Good Questionnaire Practice' (GQP). The art of designing a good questionnaire in general is not an easy one but even more difficult when it contributes to the production of a licensed drug.
Basic rules for questionnaires in this setting include [10, 11] : -Keeping the questionnaire short.
-Avoiding technical terms and jargon.
-Avoiding complex sentences. -Avoiding questions using leading, emotional, or evocative language. -Avoiding double-barreled questions.
-Defining issues specifically. -Using ordinal scales. -Choosing answer choices which anticipate all possibilities.
Adherence to these rules will help to collect information from the respondent as correct as possible.
On the side of the donor, four basic tasks are needed in order to respond to questions on a questionnaire: interpretation, memory retrieval, judgment format, and response editing [12] . To reduce the degree of unwanted interpretation of a question, predominately closed ended questions are used in a DQ. These ensure, if well designed, that prospective donors interpret questions in the same way. To enhance memory retrieval and to ask about all potential risks, the various medical conditions relevant for donor selection are commonly listed with their respective technical terms, e.g. in a list of infectious diseases. This interferes with some of the aspects of the GQP, namely the avoidance of technical terms (GQP rule no. 2). Likewise, fulfilling GQP rule no. 5 and asking for the various relevant infectious disease risks with separate questions will hurt rule no. 1 keeping the questionnaire short. If instead a number of medical conditions are asked for with one possible answer only, this type of question bears the risk of nonattendance or of being a double-barreled (GQP rule no. 5). This was observed in the evaluation of the Canadian DQ [13] . In this study, donors were asked in a structured interview immediately after donation if they remembered questions of the DQ. It became evident that blood donors chiefly forgot the content of multi-item questions. This indicates that these questions are more difficult for people to attend to, especially if technical terms are used. In addition, individuals faced with multiple items in a written question tend to think about the first item more carefully than the following ones [14, 15] . The aspect of judgment format is less relevant in a DQ as donors are not asked about their opinion on certain issues. Still, judgment may influence the response editing of donors, especially when personal topics are covered like sexual risk behavior.
Development of the Uniform Donor Questionnaire in Germany
Keeping these aspects in mind, a first version of the uniform donor questionnaire was developed by the expert group. Several reasonable compromises had to be made in order to meet all the needs of the blood establishments and the competent authority. For instance, it was decided to omit the possibility of a 'don't know' answer, this way not all possible answer choices were available for the donor (GQP rule no. 8). It was assumed that a 'don't know' answer would lead to more insecurity among unexperienced donors and to unnecessary extra work for the staff. Some multipleitem questions were also included despite the known disadvantages in order to include all required donor eligibility criteria. This was done especially for the medical history. The option to design a capture question like: 'have you had any severe infectious disease' was also discussed but dismissed. To answer such a question, the donor would first of all need to know, what an infectious disease is and secondly interpret the term 'severe' in the context of a blood donation. It became very clear that in addition to all aspects of good questionnaire practice the main focus was set on leaving as little interpretation to the donor as possible in answering the questions in the DQ.
While capture questions were not suitable for the medical history, they were chosen for other issues like travel history. The question 'have you travelled abroad in the past 12 months' is unambiguous and easy to answer rather than asking for certain areas ('tropical region') or for endemic areas of certain diseases like 'malariaendemic region'. In order to guide the interpretation of this and other capture questions, the first version of the uniform DQ also included a second level of information for the blood bank physician to provide additional information on specific aspects of the deferral criteria. For example, information was provided on the different time periods for deferral after travelling abroad (e.g. 4 weeks after travelling to West-Nile virus-endemic regions, 6 months after travelling to malaria-endemic regions). 
Special Focus on Sexual Risk Behavior
In the evolution of the uniform DQ, special attention was laid on the assessment of sexual risk behavior. A European expert group of the European Directorate of Qualities in Medicine and Healthcare (EDQM) tried to define different risk categories for sexual behavior. It was concluded that existing data confirm that men who have sex with men (MSM) and commercial sex workers (CSW) are groups at high risk but that any further grading lacked a scientific database [16, 17] . Still, analysis of the epidemiological data from donors revealed that almost all donors who tested positive for HIV, HCV, HBV, or syphilis predominantly reported sexual risks or exposures that would have led to deferral if they had been known at the time of donation [5] [6] [7] [8] . These donors included MSM as well as heterosexuals. The established DQs in Germany frequently used leading questions to assess sexual risks, especially heterosexual risk. In some instances sexual risk behavior was defined only in the donor educational material, and the question in the DQ referred to this list asking if the donor had any risks listed in the information leaflet. This may have opened room for interpretation on the side of the donor.
Precise explanation of what is meant by sexual activity is also of relevance. The definition of sexual behavior in the context of a donation was analyzed in a study in Canada. Donors were asked to pick those sexual activities from a list that they felt were meant by 'sex' in the DQ [18] . It turned out that the definitions of 'sex' were not uniform, albeit most donors included the sexual practices relevant for blood safety. It was observed that the donor educational material had little impact on the individual's definition of sex in the study. Instead, the donor's believes and their rating of relevance for the safety of the donation turned out to be more important (need for GQP rules no. 4 and 6). The personal perception of risk has been identified as one of the main reasons for non-self-deferral in heterosexuals as well as in MSM. In an Italian study, HIV-positive donors reported sexual risk behavior in the post-donation interview. When asked why they had not reported this prior to donation, twothirds stated that they felt they had not engaged in at-risk behavior [19] . A cross-sectional survey in the UK demonstrated that some MSM with recent sexual risks also donated because of their selfcategorization as 'low risk'. Furthermore, the belief that blood screening is infallible and concerns about the confidentiality of their answers were given as reasons for non-disclosure [20] . This was confirmed in a Dutch study assessing the percentage of donating MSM and their reasons for non-compliance [21] . Recently, a study in the US was able to demonstrate that donors fill in the DQ framed by the questionnaire's general purpose rather than the specific topic of the individual questions. This pattern of interpretation was the key factor responsible for both false-positive and false-negative response errors and included sexual risk behavior [22] .
The design of the uniform DQ in Germany therefore included a plain question about sex between men (permanent deferral in place at the time of the study) and a simple, non-judgmental question on exposure rather than risk with respect to heterosexual activity. Potential donors were asked if they had unprotected sex with a new partner in the 4 months preceding the donation. The group decided to use this question instead of arbitrarily defining a crucial number of partners per time period (GQP rule no. 7) without evidence or using leading questions like 'frequent change of partner' (GQP rule no. 4). This approach was chosen in order to minimize the influence of interpretation on the side of the donor and to include all possible modes of infection. As a consequence, some donors without increased sexual risks would be deferred for 4 months as well. This was accepted because of the good experience in other European countries [16] and in view of the analysis of the post-donation interviews. In the evaluation of the Canadian DQ, however, a question like this, especially if formulated as a gender-neutral question, was not included as it was believed to lead to deferral of many safe donors [23] . The potential loss of predominantly young donors due to this question was investigated further in the evaluation of the German DQ.
Evaluation of the Donor Questionnaire
Once the first version of the DQ was drafted, the group decided to evaluate the DQ before it was presented to the AK Blut for approval. Until this time, German DQs had not been scientifically evaluated. It became clear that an evaluation should ideally include different outcome measures like comprehensibility, feasibility for the blood establishment, donor satisfaction, deferral rates, and last but not least compliance. The latter proved to be extremely challenging. In search of a format for the DQ evaluation, randomized controlled trials using different DQ versions were not an option since the DQ is part of the licensing procedure for blood products.
International Approaches
Instead, two qualitative research methods have internationally been used for the evaluation of DQs: focus group analysis and cognitive interview evaluation [24, 25] . In a focus group, interviewers can study participants in a conversation-like situation rather than a face-to-face interview. In the evaluation of seven questions asked in the DQ of the American Red Cross, potential male and female blood donors with different cultural, ethnic and educational background were asked to give their opinion on content, clarity, likelihood of asking for more information, suggestions for improvement, and how a need for clarifying information would best be met [26] . As a result of this process, these focus groups provided valuable information and suggestions regarding several aspects of the donation process. These included specific suggestions for the clarification of technical terms and the rewording of questions to enhance donor comprehension. Still, focus group methodology is not without limitations. One disadvantage is that the process of the group discussion can unintentionally also influence participants' opinions [27] . Also, results gained in a group discussion may not exactly reflect the situation of a donor who gives answers on a DQ individually. Therefore, an additional qualitative method was cho- Offergeld sen for redesigning and testing the American Association of Blood Banks DQ [28] : cognitive interview evaluation. This research method is a useful approach for exploring in depth the intention and meaning of survey questions to the target cohort -in this case donors [29, 30] . Participants are asked to complete the DQ and undergo in-depth face-to-face interviews with a trained professional afterwards to identify problems with comprehension, recall, and potential response bias. In this US study, 35 individuals (non-donors representing first time donors (FTDs) and deferred donors) interviewed. Special attention was paid to include all age groups, ethnicities, and educational levels. These interviews resulted in further amendments of the DQ. Most of the issues identified by participants were easily addressed by minor wording changes, splitting up of some questions, or expanding supplemental documents such as educational materials or by providing lists, guidelines, and definitions to donor screening personnel. Finally, the authors drafted a revised version which was to their opinion thorough and simple.
In Canada, a field test approach was used to test the DQ under realistic conditions [13] . Donors were asked to be interviewed orally by a member of staff immediately after completing the DQ. Donors were asked if they recalled specific questions or items in the DQ. In addition, information was collected on donation history, demographic information, and the donor's views on administration of the DQ. Only a small percentage of donors were able to recall all items. Recall was especially reduced for items that were part of a list. The investigators concluded that the format of DQ in use at the time was not optimal. They felt that this study method had advantages over a qualitative approach, mainly because of the large number of study participants and the possibility to standardize methods of performing interviews. Also, the study setting is similar to an actual blood donor collection site.
Evaluation in Germany
We also selected a comparative field test approach for our study because it is important to understand donor attention within the context of a blood donation at a collection site [31] . Our study was designed to address donor deferrals and donor compliance as well as donor satisfaction with the DQ and potential changes in the workflow of the blood drive. Five blood establishments participated in the study: German Red Cross Blood Donation Service West in Hagen, German Red Cross Blood Donation Service BadenWürttemberg -Hesse in Mannheim German Red Cross Blood Donation Service East, Saxonia, German Red Cross Blood Donation Service Bavaria and the Department of Transfusion Medicine and Hemostaseology, University of Erlangen.
According to the study design, FTDs were either given the blood establishment-specific (EDQ) or the new uniform DQ (NDQ) by order of appearance. They completed the DQ and were asked to complete an additional questionnaire which included demographic data and scaled questions about the understandability of the question, the usefulness of the information material provided, and the sensitive nature of the topics queried. Also, some questions were asked about the donors' knowledge about deferral periods and testing of donations with respect to infectious diseases. To assess the need for additional explanation, they were asked if they had further questions or if they did not answer all questions or changed their answer in the DQ. After completing the DQ, FTDs in Germany are routinely interviewed and examined by a blood bank physician who finally decides about donor eligibility. To check for compliance with the DQ the physicians in our study initiated the contact with the new donor by performing a standardized interview. This contained eight important issues of the DQ: Travel history, medication, disease/surgery, former exclusion from blood donations (i.v. drug use, new sexual partner, no condom use, sex between men). Finally, deferrals and categorized reasons for deferral were recorded. Categories included medication, chronic disease, acute illness, travel history, pregnancy/breast feeding, risk for CJD/vCJD, risk for HIV, HCV, HBV, new sexual partner, other and pre-donation (laboratory) results.
Results of the First Donor Questionnaire Study
During 1,087 blood drives 6,502 FTDs participated in the study between 2006 and 2007. Of the 6,502 donors included in the study, 6,258 (96.2%) filled in the additional questionnaire. In general, donors rated both types of questionnaire as generally understandable but a significantly higher percentage of donors rated the NDQ as highly understandable (75.5% vs. 71.1, p < 0.001). While there was no difference in the rating of the information material, a significant difference was seen for the sensitive nature of the questions: 5.2% of donors who used the NDQ rated the questions as too personal opposed to 4.2% with the EDQs (p = 0.1). Significantly more male donors perceived the questions as too intrusive in both types of DQs (p < 0,001).
The majority of all donors (88%) knew that donations would be screened for HIV, HCV, HBV, and syphilis but only 55% of donors knew that tests could not identify very recent infections revealing the need to stress this issue in the educational material. After completing the interview, roughly 16% of all donors had additional questions which they wanted to address with the blood bank physician. Three quarters of the donors had not changed any answer in the DQ, and the same proportion had not left any question unanswered.
For all issues the concordance of answers between the DQ and the personal interview was high and ranged from 92.1 to 100% for all types of questionnaires. Donors had the greatest difficulties in answering the questions about medication (92.5% (NDQ) and 92.0% (EDQ) concordance). A significant difference in favor of the NDQ was found for the capture question about travel history: 2.5% (NDQ) and 3.4% (EDQ) of donors said they had given an incorrect answer because they had not understood the question (p = 0.04). Interestingly the answers to the question about sexual contacts between men differed in both questionnaire types, albeit not signifi- male donors gave incorrect answers. When interrogated why they had not given the correct information, 6 claimed they had not understood the question, 2 said they had forgotten to give the information, and 11 refused to disclose this information. This demonstrated the need for clear and unambiguous questions about sexual risk activities. We also analyzed the proportion of donors with a confidential self-exclusion (CSE). Overall, less than 1% of donors used the CSE but significantly more men who used the new DQ stated confidentially that their donation should not be used (p = 0.08). We believe that addressing sexual behavior/exposure directly in the DQ might have contributed to the higher proportion of male donors with a CSE.
Deferral rates were significantly higher with the NDQ; 28.1% (NDQ) and 23.5% (EDQ) of FTDs were deferred (p < 0.001). Categorized reasons for deferral are listed in table 1.
The majority of additional deferrals with the NDQ were due to acute illness (2.7% additional deferrals) and a new sexual partner (1.4% additional deferrals). This was perceived as a reasonable way to avoid potential harm to the donor and risk for the recipient without a disproportionate loss of predominantly young FTDs (median age 25 years in both groups).
The results were presented to the AK Blut who published a vote in 2010 recommending the use of a uniform questionnaire which should be updated by an expert group under the aegis of the PEI [32] . After the vote of the AK Blut, an expert group was built to keep the NDQ up to date. This group included experts from blood establishments, the PEI, und the RKI. Initially a few amendments were made after the consultation in the AK Blut and the experience of the study. One amendment included the change of the new partner question. The study had shown that asking for condom use ('safer sex') in the context of a DQ proved difficult. Some donors and also some members of staff were reluctant to address this detail of sexual activity. Also, data from various studies in MSM and heterosexuals [33, 34] showed that condom use was inconsistent. It seemed impractical to assess the correct and consistent condom use for every sexual contact in an interview with a potential donor, and therefore the group rated a question about safer sex as inappropriate to ensure product safety. Hence, the new partner question was modified to include all new sexual contacts irrespective of condom use.
The potential loss of young donors due to the new partner question raised considerable concern among blood establishments and the scientific society. It was advocated that more data should be collected before a uniform DQ became mandatory to ensure that the donor loss would not outweigh the potential gain in blood safety. Also, blood establishments feared that repeat donors who were not subject of the evaluation study would become reluctant to donate in the future because of the direct questions regarding their sexual activities. Some opposition was also expected from staff members, especially from volunteers.
A second study was initiated by the expert group which included more than 220,000 FTDs and repeat donors. The results are presented by Houareau et al. [35] in this issue, and they confirmed most of the results of the first DQ study.
Additional Donor Questionnaire Studies
A separate investigation was performed in a large blood establishment [36] . In this study, a descriptive comparative analysis of deferral rates of more than 64,000 (EDQ) and 71,000 (NDQ) whole blood donors confirmed significantly increased proportions of deferred donors with the NDQ. The deferral rate increased by 1.9% and affected mainly female and younger donors and FTDs to a greater extent. The authors raised the point that this might have a substantial impact on future blood supply because donors who are deferred temporarily, especially FTDs, are unlikely to return to donate [37] . This may become relevant in view of the demographic changes in Germany. These will most likely lead to a decreasing donor population and an increasing need for blood products in elderly patients in the future [38] . The loss of donors due to an increase in deferrals must be weighed up against the benefits of a better identification of donors with risks for transfusion-transmissible Category 'other' included missing ID, inability to speak German, no time to wait. infections. In this study the frequency of the CSE and deferrals due to sexual risk behavior increased as well as deferrals due to other medical conditions. As this study only compared deferrals and CSEs in the first month after the implementation of the NDQ to a historic period, some effects might be the result of the novelty of the NDQ. After the introduction of the NDQ in some blood establishments, donors and members of staff expressed their opposition, also in local newspapers and social media [39] . As a consequence, one large blood establishment even decided to return to their EDQ [40] . The most problematic issues were the questions about sexual activities. This raised concern that -apart from the additional deferrals -some donors might refrain from donating and even dissuade others from donating due to the felt private nature of the NDQ. This effect was addressed in two studies: In the first study a random sample of 6,600 donors were asked to participate in a mail survey and to rate satisfaction with the NDQ as well as the intention to return for further donations [41] . The participants were asked to answer scaled questions about format and layout of the DQ, clarity of the questions, the scope of the questionnaire, and their perception of the questions about sexual risk behavior. In this survey, donors expressed high satisfaction with format, layout, and clarity of the questions. In contrast, satisfaction was low with the scope of the NDQ and the questions about sexual risk behavior. Low satisfaction with these aspects of the NDQ was associated with a reduced intention to return for further donations, especially among experienced donors.
In a second study roughly 4,000 donors were included in a cross-sectional study of two blood establishments which also participated in the initial evaluation of the NDQ [42] . They were asked to complete an anonymous paper-based questionnaire containing questions about donor comfort with intimate questions dealing with sexual activities and the possible impact on participants' willingness to participate in future. Other questions addressed aspects of the layout, the understandability, and the perceived ability of the DQ to contribute to blood safety. The authors concluded that the NDQ was sufficiently accepted in the German blood donor population. They identified male gender, older age, and lower educational background as risk factors for being lost from the donor pool due to the explicit nature of questions about sexual activities.
Donor education should aim at explaining the need for accurate risk assessment to avoid unnecessary donor loss. This should ideally be done in a personalized interview. In this conversation, the member of staff should listen to and address the donor's objections. This strategy has proven to be more successful in donor retention than any other commonly used method like reminders or special incentives [43] .
It was also demonstrated that donors' attention to reading materials is suboptimal, especially in FTDs. In a Canadian study, qualitative interviews demonstrated that donors are reluctant to read any more than necessary and base their decision on reading something carefully on the perceived importance or relevance of the topic [44] . It may also be wise to assure that the staff also agrees with new questions and to improve their skills in communicating about sexual risk behavior, e.g. by collaborating with the local AIDS Service Organization.
Computer-Assisted Donor Questionnaires
One option to avoid irritation due to personal questions and to increase compliance could be the use of other methods to assess donor risks. In Canada, the more sensitive questions were formerly not included in the self-administered DQ but addressed in the oral interview [45, 46] . This was abandoned because -different from earlier studies [47] -no changes of HIV or HCV infection rates or of rates for permanent deferrals were observed. Instead, personal interviews for sensitive questions may even increase the likelihood of non-disclosure because of the lack of privacy. Confidentiality is very important to donors in all stages of the donation process [17, 19, 20] . This was also confirmed by freetext comments of the participants of the first DQ study. To ensure the needed degree of confidentiality in the donor health assessment, computer-assisted DQs (CADQ) could be an option. These can be conducted with text questions displayed for reading on the monitor and answers entered by the respondent. Additionally, audio presentation of the interview questions can support understanding of the text as well as illustrations when appropriate. Attractive features of a CADQ are the possibility of 'help' functions, mandatory steps in answering to ensure completeness, and additional questions which appear to complement initial answers (like type of medication). After completion, the CADQ could be printed if a paper-based signature is favored. Data of the questionnaire could be transferred electronically to the blood establishment's database.
Computer-assisted interviewing for socially sensitive or stigmatizing issues has found to be more effective in a number of studies [48] . Katz and colleagues [49] found convincing evidence in various studies that CADQs can also increase the accuracy and efficiency of the blood donation process. Compared to oral interviews and self-administered DQs, CADQs were able to identify significantly more deferrable donors. It is likely that this will lead to an increase in blood safety, although direct measurement of this increase is difficult, given low rates of donor infection rates. In a recent cross-sectional study in Brazil, 901 HIV-negative blood donors were interviewed with a CADQ after donation [50] . Donor eligibility was primarily assessed by oral interviews. 13% of donors disclosed a risk only with the CADQ that would have resulted in deferral. The main risk factors identified were sexual risk behaviors like recent unprotected sex with a nonsteady partner, multiple sexual partners, and recent contacts between men. Younger donors were more likely to disclose this information with the CADQ only. In Canada, the evaluation of different forms of donor questioning also revealed that recall of questions was best by donors who received the CADQ [51] . Still, using CADQs especially on mobile blood drives would be a challenge. Furthermore, data protection issues, authorization of documents, and the mode of record keeping for the compulsory period would need to be settled. Eventually, donor and staff satisfaction with a CADQ should be analyzed if it should be implemented in Germany. 
Abbreviated Donor Questionnaires
Another option to improve donor selection by complying better with the GQP rules could be the development of an abbreviated questionnaire for regular donors. This would help to keep the questionnaire short (GQP rule no. 1) and attention of the donor focused on the most relevant questions. In the US, an abbreviated DQ has been approved since 1998, and this approval was renewed for the most current version in 2016 [52] . Naturally, an abbreviated DQ should also be evaluated scientifically if it is to be introduced.
Conclusion
The newly developed NDQ in Germany -even in a paper-based version -has proved to be understandable, accepted by the majority of donors, and effective in collecting the information needed for the decision about donor eligibility. It contributes to a nationally harmonized donor selection. The increased deferral rates due to non-judgmental questions about sexual exposure rather than risk need to be monitored. The advantages of the NDQ must prevail over the disadvantages. International experience showed that further amendments could be helpful with respect to mode of administration and evaluation of a CADQ and the development of abbreviated DQs for regular donors. In the development of DQs, it is of utmost importance to include all involved parties: donors, staff, and the competent authority.
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